Molecular Activation of Activator Protein-1 In Silica and Asbestos-Induced Carcinogenesis.
Occupational exposures to asbestos and crystalline silica have been implicated in causing lung cancer and other pulmonary diseases in humans. Despite intensive research during the last decade on pulmonary carcinogenesis induced by these minerals, the exact molecular mechanisms involved in carcinogenesis are still unknown. Chronic inflammation and enhanced production of reactive oxygen species (ROS) generated by these particulates have been implicated in the development of tumors. In an attempt to understand the molecular basis of carcinogenesis induced by these particles, we investigated the potential activation of activator protein-1 (AP-1) by crocidolite and freshly fractured or aged crystalline silica in a JB6 P(+) cell line stably transfected with AP-1-luciferase reporter plasmid (in vitro) and in AP-1-luciferase reporter transgenic mice (in vivo). This transcription factor governs the expression of target genes that are involved in encoding cytokines, chemokines, growth factors, cell adhesion molecules, and acute-phase proteins that regulate inflammation, cell proliferation, and apoptosis. Results of our studies suggest that asbestos and silica activate AP-1 through generation of ROS. In in vitro studies, crocidolite asbestos caused a dose- and time-dependent AP-1 activation in JB6+ cells, which persisted for at least 72 h. In transgenic mice exposed to crocidolite asbestos, AP-1 activation increased significantly by 10-fold in lung tissue and 22-fold in bronchial tissue. This induction of AP-1 activation by crocidolite appears to be mediated through the influence of mitogen-activated protein kinase (MAPK) family members, specifically extracellular signal-regulating protein kinase, ERK 1, and ERK 2 (data not presented). Similarly, freshly fractured silica caused an 8-fold increase in AP-1 activation in JB6 P+cells and 22-fold increase in transgenic mice. The activation of AP-1 by freshly fractured silica was mediated through ERK1, ERK2, and p38 kinase. Activation of AP-1 by asbestos or silica was inhibited in both in vitro and in vivo systems by aspirin, which exhibits OH radical scavenging properties. It is proposed from these studies that asbestos and crystalline silica may promote carcinogenesis through specific mechanistic pathways stimulated by ROS.